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PREFACE. 



This work has been prepared for the students of the 
Chantauqua Literary and Scientific Circle. It is also 
adapted to use in schools. 

It begins with the simplest and most elementary 
facts of Biology, and progresses gradually to things 
ipore intricate. It uses no unnecessary technicalitieS| 
is condensed into the smallest possibk compass, and 
but few words are spent upon theories. The Chris- 
tian philosophy of life, which the author believes to 
be the only true philosophy, is clearly stated ; but he 
aims to present only facts, and the plain inferences 
from facts, to the attention of the inquirer. 
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CHAPTER L 

WHAT BIOLOGY TBACHEa 

1. The word Biology is made up of two Greek 
words — MoSy lif e, and loffos^ a discourse. It means the 
study of living things. 

A few years ago all the living and non-living ob- 
jects in the earth — ^minerals, plants, and animals — ^were 
embraced in one department of knowledge, called 
Natural History, but it is now usual to study living 
and non-living objects in different departments. A 
knowledge of Biology involves much more than the 
ability to distinguish the different kinds of living 
beings so as to be able to label dead specimens in a 
cabinet. This science uses the terms of Botany and 
Zoology only as the builder uses a scaffolding for the 
erection of an edifice, or as a postmaster the boxes of 
his office for a more convenient classification. 

2. Biology includes in its survey both animals and 
vegetables, and considers their forms and peculiaritiea^ 



8 Easy Lessons in Vegetable Biology. 

the parts of which they are composed, their relations 
to each other, and the uses which they serve. It takes 
in the entire life-histoiy of every Kving thing, with 
the changes which occur in health and disease. If 
fully recorded, the world would hardly hold the books 
which might be written about these things, since there 
are many thousands of species, or different kinds, 
both animal and vegetable; and the influences to 
which they are subject are quite innumerable. Yet 
many observations and comparisons have shown that 
one kind agrees with another in certain particulars, 
60 that the general principles which underlie their 
forms, changes, structure, and uses may be under- 
stood. The consideration of these general principles 
and correspondences makes up the chief part of the 
study of Biology. 

3. Biology studies only living beings. The general 
forces of nature and the changes in non-Kving matter 
are the subjects of Physics and Chemistry. Biology 
only refers to these changes as they affect living 
things, or are modified by the presence of life. 

4. Those astronomers who still hold to the Nebular 
hypothesis— the theory that the sun and planets de^* 
veloped themselves out of a sort of fiery vapor or 
nebulous matter — ^teach us that only a few of the 
planets of our solar system are capable of sustaining 
life, and chemical analysis shows that only four out 
of nearly seventy elementary or simple substances, of 
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which the world is composed, are found essentially 
connected with living beings. Geology also shows us 
that there were vast periods in the past hifitory of the 
earth when no life existed. These periods are hence 
called azoic^ or without life. At the present time, 
the ice-fields of the poles, and the great deserts, are to 
a large extent lifeless. It is plain, therefore, that life 
is not an essential part of creation. Suns and planets 
would shine ; gravity, light, heat, and electricity 
would operate ; and chemical changes take place, if 
there were no living beings. From this consideration 
we see clearly that Biology embraces something more 
than the study of the laws and phenomena of non- 
living matter. It is the science of life. It concerns 
itself with every thing pertaining to life. 

5. The question. What is life ? has given rise to vari- 
ous speculations in every age of history to the present 
day. Some of the Greek philosophers taught that 
it was the result of the harmony or agreement of the 
different parts of the body ; and this view is repeated 
in modem times by those who claim that life is the 
result of organization. It requires but little thought 
to see that this is no explanation at all. Since all 
organization depends on living matter, as we shall 
more fully perceive hereafter, one might as wisely 
say that an architect or carpenter was the result of a 
house, as to say that life results from organization. 

Some have claimed that life is a sort of refined 
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matter ; a gas, or ethereal vapor. Heat, oxygen, and 
galvanism have all had their advocates, and at the 
present day, when teachers of physical science show 
that one kind of force (as motion, light, heat, or elec- 
tricity) can be converted, or changed, into another, 
some are fonnd to say that physical force can be 
changed into life, or vital force. But this theory is 
insufficient to explain what life is, since it does not 
show what is meant by " physical f orce,'* nor what 
changes its form. .life must either be the power of 
matter or spirit, for we can only conceive of these two 
forms of existence. This theory is also insufficient, 
since it does not account for the living germ through 
which (according to the theory) heat or other form of 
force passes in order to be converted into vitality. 

6. Writers who have endeavored to define life in 
accordance with the teaching of materialism — ^which 
makes matter explain every thing — ^have involved 
themselves in unsatisfactory and often absurd con- 
clusions. The teaching of the Bible and of all the re- 
ligions of mankind, the belief of the most eminent 
philosophers, the doctrine held by the early Christian 
fathers, and maintained by the majority of scientific 
and unscientific men, is that the difference between a 
living body and the same body after death arises from 
the union of matter and spirit. In other words, a 
living thing is a spiritual essence which clothes itself 
with material particles after a form and according to 
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an order (or law) of its own kind. Dr. ifToah Porter, 
President of Yale College, in his work on the " Hu- 
man Intellect," devotes an entire chapter to prove 
that life and sonl are synonymous words, and apply 
to all living things. The writer of the present work, 
in the volume entitled " The Science of life," regards 
life, not as identical with soul, but as the sum of the 
activities resulting from the union of mind and mat- 
ter. Those who desire to study the subject more 
thoroughly are referred to those works. 
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CHAPTER n. 

LIVINa MATTER. 

1. A OABEFUL study of any living thing, either 
vegetable or animal, will show that it is not all alive. 
Some parts are dead, although they may retain the 
form impressed on them by vitality, as in the case of 
a dry branch of a tree, and may serve various pur- 
poses in relation to the rest of the body, like resin in 
some plants and milk in animals. When we clip the 
hair, or pare the nails, we cut merely the dead, in- 
sensitive part ; but at the root of the hair or nail we 
find the "quick" — the living part. By the use of 
the microscope it has been found that every part of 
every living body, or organism, has scattered through 
it Kttle particles of living matter. In the skin, flesh, 
bones, and nerves of animals, and in all the different 
parts of vegetables, these small particles of living 
matter may be seen by a good instrument. It is the 
presence of this living matter which entitles any thing 
to be called a living being. Without this a man, a 
horse, a tree, or a flower, would be as dead as a piece 
of iron or chalk. 

2. This living matter, seen through the microscope, 
looks like a bit of jelly or albumen. It is generally 
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transparent^ and is neither quite solid nor fluid. 
When it was first discovered it was thought to be in- 
closed in a sort of membrane like a bladder, and it 
was called a eeU. It is now known that it has not al- 
ways an outside membrane. • It is often called jprotch 
plaamy or first formation. It is also called by the 
better term Inqptaam, or living formation. Some re* 
cent discoveries with the microscope render it likely 
that the real living matter in each cell, or piece of 
bioplasm, is arranged like a net-work, and communi- 
cates with neighboring cells so as to make a continu- 
ous living structure throughout the body, either of 
plant or animal. 

Those who have access to a good microscope may 
find an example of this living matter, or bioplasm, in 
the white blood-ceU. Prick your finger, and put a 
small drop of Wood, about the size of a full " stop '* 
— printer^s type — ^upon the thin glass cover of a mi- 
croscopic slide, then quickly put the cover in its 
place, so that the drop may spread by capillary attrac- 
tion, and observe the globules in the field of view of 
the instrument* In about every three hundred of the 
ordinary red blood-disks yon will see one of the white 
disks. If you keep it warm by a heated stage, or if 
you examine the blood of a cold-blooded animal, as a 
frog, instead of your own, yon will be able to see its 
peculisgr motions and other phenomena. 
. 3. From such simple, jelly-like particles all animals 
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and vegetables originate, and by such particles are all 
organic structures built up. Bone, muscle, nerve, and 
skin, in animals, and fiber, wood, and vessels, in vege- 
tables, are all constructed from such elenients. It is 
the province of biology to find out how this is done. 

4. The particles of bioplasm, or living matter, al- 
ways look alike, no matter where they belong. There 
is no difference under the microscope between the H- 
oplasm of a blade of grass or a whale, of an oak, a 
rose, a dog, or a man. The bioplasm of skin cannot 
be distinguished from that of flesh, or of the blood, 
yet there is a wonderful difference in the power and 
products of these different kinds, although the differ- 
ence is not visible even with a microscope. 

. Chemical examination also shows that all living 
matter is composed of the same elementary materials. 
Oxygen, hydrogen, carbon, and nitrogen enter into 
the construction of every piece of bioplasm. Some- 
times lime, or iron, or sulphur are also found, but 
these are accidental, and not essential or necessary. 

5. The jelly-like living matter which has been d^ 
scribed, like any other jelly, is permeated or satu- 
rated with fluid, which may be considered apart from 
the rest of the structure. All organic substances con- 
tain considerable water. A human body weighing a 
hundred and fifty pounds can be dried in an oven 
until it weighs only seven and a half pounds. The 
water in a piece of bioplasm may also contain other 
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substancesin solution which may serve the Kving mat- 
ter as food. In the spaces between the minutest parti- 
cles or net-work of bioplasm we may also find mate- 
rial which has been formed by it. So that in every 
bioplast, or living particle, we recognize matter in 
three different states : (1) Matter not yet alive, but 
about to become so, called Pabulum^ or nutriment. 

(2) Living matter in the strictest sense, or Bioplasm. 

(3) Formed material^ or matter which was alive, but 
is so no longer. 

Owing to the constant action of the air and other 
influences, the formed material is constantly decay- 
ing, or becoming effete, and thus returns to the inor- 
ganic world from which it originated, so that we may 
say of the body of any living thing — though not of 
the life — *^ Dust thou art, and unto dust shalt thou 
return.*' 

6. Physical forces, like gravity, heat, light, and 
electricity, and chemical agencies, affect all living 
matter as well as the non-living, but not always in 
the same manner. Some forces, as gravity, for ex- 
ample, act in the same way on the living and the non- 
living. The passage of liquid out of or into a porous 
or membranous vessel is similar in a living or non- 
living thing. In other instances the presence of life 
greatly modifies the influence of inorganic force. 
Thus, water generally freezes at 32 deg. F., and boils 
at 212 deg.; but bioplasm, or living matter, resists the 
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extremes of heat and cold as long as the life remains. 
There are dijBEerences in this respect in different or- 
ganisms. The motions of some simple forms of ani- 
mals are arrested by ice-^water, and recommence on 
increasing the temperature, but the development of 
trout's eggs proceeds well in ice-water, while in a 
warm room they soon die. Many kinds adapt them- 
selves to a considerable change of temperature if it be ' 
gradual. Men will endure the cold of an Arctic win- 
ter, and, on the other hand, the workers in plaster 
will bear for a considerable time the heat of an oven 
raised to 500 deg. F. The influence of light, heat, and 
electricity upon bioplasm varies according to the spe- 
cies, some requiring a greater amount than others for 
natural growth. As to chemical changes, the life 
power has greater modifying power than any thing 
else in nature. A vast variety of products in both 
animals and v^etables are due to the controlling 
influence of life. In a few instances the skill of a 
chemist has imitated the product in his laboratory, 
but the majority can only be found as the result of 
life. Among them may be named albumen, starch, 
gugar, and gum. Many others will occur to us as 
AC proceed in our studies.* 

* See " Science of Life,»» Chap. IV. 
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CHAPTER HI. 

DIFFERENCES BETWEEN LIVING AND NON-LIVINa 

MATTER. 

1. The jelly-like bioplasm described as existing in 
all kinds of vegetables and animals, and forming all 
sorts of organic materials, is so different in power 
from non-living matter as to compel ns to believe 
that it contains something more than mere matter. 
Each kind, or species, of living being can do som^ 
thing which is peculiar to itself, yet there are certain 
particulars in which all kinds agree, or things which 
all sorts of bioplasm can do, but which no matter can 
do which is not alive. 

2. All bioplasm has spontaneous motion. Most 
vegetables are fixed to one spot, but the living matter 
in their tissues is just as much in motion as the bio- 
plasm of the most active animals, so that the same 
things may be said of either animal or vegetable bio- 
plasm. Non-living matter is passive. It has inertia.* 
It can neither originate, suspend, nor destroy motion. 
It can only transmit motion, or be moved. But bio- 
plasm, or living matter, has primary energy, and can 
overcome inertia. Its motions are spontaneous, or 

* A property of matter which causes it to remain in a state of rest 
or of motion. 
2 
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spring from its own internal energy. So far from 
being caused by external influence, its movements are 
often in direct opposition to gravity, or any other 
force which we may imagine to act upon it. 
The motions of bioplasm are of three kinds : 

(1) Inherent motions of the individual particles 
among themselves. Each particle is as much alive as 
the whole mass, and the movements of each are spon- 
taneous. If a thread or filament of bioplasm be ex- 
amined in a powerful microscope, the motions of the 
particles may be observed by tlxe granules of formed 
material (Sec. 6, Chap. II) which may be scattered 
through the mass. " As the passengers in a crowded 
street may go tlie full length of the street, or turn 
back, or stop and double, as many times as they wish, 
60 do the particles move in the mass of bioplasm. 
Up, down, across, backward, and in all directions — 
even through each other — do tliese molecules move, 
each impelled by its own inherent energy •'* * 

Observe another motion of bioplasm : 

(2) Constant change of shape, A piece of bio- 
plasm never remains at rest. If unconfined, its exter- 
nal appearance or shape is continually changing. 
This has been called a/mc^baid modiUyf^ from the name 
given to one of the simplest forms of living beings 
known, the Amo&ba. 

Fig. 1. This appears to be simply a piece of bio- 

♦ " ScieDce of Life.'» 
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plasm, or livlnn; jcV.y, yet it is a complete organism. 
Its organs, however, are all extemporaneous. It 
never retains tlio same outline or form, and it can 
project any part of its substance in the Bliapo of an 



ng.]. 

arm or brancli, and if it touches any thing which 
may d^erve it as food, the rest of the body will flow 
around it and digest it. Indigestible parts it discards 
by flowing away from them. It literally swallows 
witliont a mouth, digests withont a stomach, and 
moves without muscles, while a small fragment of its 
substance is capable of repeating the same things as an 
independent organism. Such living Amcebaa arc found 
in stagnant pools of water and many other places. 
Since every piece of bioplasm has similar changes of 
shape, it is agreed to call such changes airueboid. 

(3) Wandering movements. As unconfined bio- 
plasm can flow along an arm or branch of ifa own 
body around its food, it can in the same manner 
change its poeition from place to place. In this way 
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the white blood-cellB, described in Sec. 2, Chap. II, 
wander out of the blood-veBBelB in order to construct 
the various pai'ta of the ixidy as they may be needed. 
(Hg- 2) 



3. Anot&er peculiarity of living matter is the 
power of nutrition and growth. The non-living in- 
creases in size by external additions, but bioplasm 
seleeta appropriate material from its food, (or pabu- 
lum,) changes the chemical relations of this material, 
and appropriates it to its own structure in- such a way 
that it grows from within. It is altogether different 
from the enlargement of a crystal, or of the increase 
of any thing without life. 

i. Bioplasm can generate or reproduce its own 
kind of living matter. No living being exists which 
did not originate from living matter of a similar 
kind. Some persons have thought that they have 
seen the be^nning of life in some forms of simple 
beings, originating by what has been called sponta- 
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neons generation, but a careful examination proves 
them to have been mistaken. Microscopic living 
beings appear after a time in water where vegetable 
or animal matter has been left to decay, but we now 
know that their eggs or seeds, in the shape of very 
minute particles of hioplasm, are to be found in great 
numbers floating aoout in the air and in every collec- 
tion of water, and that these seeds or eggs retain 
their life-powers after having been subjected to boil- 
ing heat. Of course there was a first animal or vege- 
table of each kind, and some learned men think it 
was the oflEspring of another kind, not quite like it, 
by some sort of change of form or of activity, so 
that the more complicate forms sprang from more 
simple ones. This doctrine of "evolution," as it is 
called, has never been proved by facts, although the 
varieties existing in the same species, as the diflEerent 
kinds of dogs or pigeons, give it a sort of probability 
to some persons. AH kinds of living beings, how- 
ever, spring from similar parents, and none have ever 
been known to change into other forms. The forms 
pictured upon the monuments of early Egyptian his- 
tory are similar to those of the present day. New 
varieties, not new kinds, may be produced by culture, 
as in the case of roses and other flowers, but such will 
return to their original form if allowed to grow wild. 
5. The power of a living thing to preserve its own 
identity amid all the material changes which take 
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place, is entirely different from the power of mere 
matter. In Chap. II we learned that oxygen, hydro- 
gen, carbon, and nitrogen are found in every par- 
ticle of bioplasm, and that sometimes a few other 
chemical elements occur accidentally. Now these 
things do not remain quiet in living matter. Atom 
by atom they quickly pass through it. They are 
seized by the bioplasm as food, transformed into its 
own structure, and then are changed into formed 
material, as starch, wood, gum, oil, etc., in vegetables, 
and blood, muscle, bone, and nerve in animals. The 
formed material decays atom by atom and is cast off, 
to mingle again with the inorganic elements of the 
world. During all thcFc changes the living being 
jircserves its identity and power. Thus it is possible 
that an atom of oxygen or hydrogen may be cast off 
from some of the bioplasts of our own bodies, be 
wafted by the air to the sides of the Andes, be ap- 
propriated to the use of the bioplasm in one of the 
cinchona-trees, and return to us in the form of qui- 
nine, perhaps to cure us of ague. Tlie possibilities of 
science exceed the most romantic imagination. The 
preservation of its identity shows that the life of bio- 
plasm differs from the atoms which come to and go 
from it. It does not depend upon the new ones, for 
it existed without them, nor upon the old ones, for 
it remains without them. Life is not matter, but 
matter's master. 
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CnAPTER lY. 

DIFFERENT KINDS OF LIVING MATTER. 

1. "We have learned in former lessons that the ele- 
mentary particles of living matter look alike and have 
the same essential composition, although they may 
belong to different kinds of living beings, and may 
serve very different purposes. 

2. Different bioplasts produce different forms of 
living things by the special instincts (or tendencies) 
belonging to each kind. These different forms are 
arranged, or classified, in Botany and Zoology, not 
only for convenience of study, but as far as possible 
in accordance with the plan of Creative Wisdom, 
which has assigned to each its place in the order of 
nature. 

3. The thousands of different kinds of vegetables 
and animals could not be remembered ; but by group- 
ing certain kinds together, which are in some respects 
similar, and by combining these groups with others, 
naturalists are able to form something like an orderly 
system. Such a system will be a natural system if the 
grouping be according to existing resemblances or true 
affinities, otherwise it will be an artificial system. An 
illustration of a natural system of classification may be 
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found in a honse, considered as a building. Let us 
suppose that all kinds of houses may be referred to one 
or other of three types, or general plans — the Oriental 
type with a dome roof, the Grecian type with a flat 
roof, or the Gothic type with a pointed roof. We 
select a house of the Grecian type. But there are 
several classes of the same type, as made of wood, 
iron, or stone. Our supposed house is a wooden one. 
But there are several orders in each class. Thus 
we may have Pine, Oak, Mahogany, etc. The house 
we are considering is built of oak. In each order 
there are other groups, or genera. The doors may be 
at the front or at the side. Of the kind, or genus, 
having the door at the front, there are more specific 
kinds, according to the resident. In our supposed 
case, the specific house is John Smith's. Thus, if wo 
have rightly classified we have learned that John 
Smith's kind, or species^ of liouse, is of the genics^ or 
group, which has front doors belonging to the larger 
group, or orderj of houses built of oak. This again 
is grouped in the class of wooden houses under the 
Grecian type. 

In a similar manner naturalists try to group to- 
gether living things according to their real relation- 
ships. All systems, however, are imperfect, on ac- 
count of our imperfect knowledge, and we need not 
be surprised to find one naturalist referring a form 
to a group very different from that to which it is 
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referred in the sclieme of another, since men differ 
greatly, not only in knowledge, but in opinion. 

Types represent general plans of structure. Classes 
are formed by the special modification of a type. 
Orders are groups of the same class related by a com- 
mon structure. A Family or Oenus is a still smaller 
group having generally the same essential structure. 
A Species is the smallest group whose structure is 
constant. Species are so much alike that they may 
have deseeded from the same parents. Individuals 
are the units of organic life, forming a complete ani- 
mate existence. Peculiarities of races or breeds are 
called varieties. Vegetables and animals are distin- 
guished from each other by the term Kingdxym^ and 
the types in each kingdom are called Svh'hingdoms. 

4. The names which naturalists use to designate 
kinds or groups of living things are formed from the 
Latin or the Greek language. There are good rea- 
sons for this. In the modem languages common things 
have many different names. But the majority of 
plants and animals are new or rare, and have no name 
in any modern language. If there must be a new 
name it may as well be Latin or Greek as any other. 
Then the latter languages have the advantage of ex- 
pressing by their combinations some peculiarity which 
is distinctive, and whicli is readily recognized by the 
learned. As to tlie difficulty of learning these terms, 
it is only apparent. They can easily be mastered by 
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a])plicatioii. The terms of natural BCience are uo inoro 
difficult than those of geography or of history. 

5. The types, or general plans of structure, found 
in vegetable Biology may be described briefly as 
follows : 

1.) Protophytes, {Groek jyrotosy fii-st, and phuton^ a 
plant.) The first or simplest forms of plants — vege- 
tables composed of a single cell, or mass of bioplasm. 

2.) TiiALLOGENS, (Gr. thaUiUs^ a frond, or vegetable 
expansion, and ginomai^ to produce or grow.) Plants 
composed of a tissue of cells, or bioplasts, but with no 
clear distinction of stem, root, and leaves. 

3.) AcEOOENS, (Gr. akraj summit, and ginomai^ to 
grow.) Plants which grow at the summit only, and 
not in diameter. 

4.) Endogens, (Gr. endon^ within, and ginomai^ to 
gi'ow.) Plants whose vessels and woody fibers fii'st 
grow witliin the stem. The seed has but a single 
lobe, or cotyledon. 

5.) Exogens, (Gr. exo^ outward, and ginomaiy to 
grow.) Plants whose woody fibere grow in outer lay- 
ers. The seed has two lobes, or cotyledons. 

Under these five types or plans of structure all the 
multitudes of plants which clothe the earth or dwell 
in the sea can be arranged. 
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CHAPTER V. 

INDIVIDUAL VEOKTABLE CELLS. 

1. The eleinentary masses of bioplasm (Sec. 2, Cliap, 
II) are usually called cells, even if tliey are merely 
pieces of animated jelly, uninclosed by an outside 
shell or membrane. Some of these cells \*emain un- 
connected with otliei's during their entire life, an(i 
multiply by self-division. Others have a living or 
vital connection with neighboring cells, so as to form 
tissues and organs. In tliis chapter we shall consider 
the vegetable cell as an individual — its various ap- 
pearances and its activities. 

2. It is not easy to distinguish between the cell, or 
living matter, of an animal and a vegetable. Some 
cells appear like animals at one part of their lives and 
like vegetables at another pai*t. After long study 
learned naturalists have agreed that the principal aif-? 
ference between animals and plants is that the latter 
can be nourished by simple mineral or chemical (that 
is, unorganized) matter, while animal nutrition re- 
quires material which has been organized, or made 
part of a living being. 

3. Most vegetable cells produce a membrane, or ceU- 
waU^ on the outside, witliin which the living matter 
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ie, as it were, imprisoned, although certaia openings, 
or pores, may be left in the cell-wall for the pur- 
pose of communication. There ie also a concentra- 
tion of living matter within the cell, called a nucleus, 
and sometimes a still fmther concentration within the 
nnclens, called a nucleolus, (or little nucleus.) The 
bioplasm, also, within the cell, differs in density, that 
next to the wall of the cell being thicker, or more 
mucilaginous, than the rest. This latter part, or lay- 
er, has be^n called the primor^al utricle, or original 
bag. Fig. 3 will give a general idea of the element- 
ary vegetable eeU. 

i. The cell-wall referred 
to in the last paragraph 
is composed of a substance 
somewhat like starch, 
called Cellulose. This is 
often thickened by de- 
posits inside, layer after 
layer. "When it becomes 
solid it is known as woody tissue. Common wood ia 
made up of a number of these cells arranged side by 
side. 

5. In cells with thin membrMies, the inherent mo- 
tion of the bioplasm (Chap, m. Sec. 2) can often btj 
seen with the microscope. This motion has been 
called cireulation, but it is an irregular motion of the 
particles, sometimes slower, sometimes advancing, now 
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retreating, now stopping, or beginning again, in a 
way difitiring from all non-living matter. (Fig, 4.) 



6. Sometimes the cell-wall has a deposit of flinty 
ma.'«rial, {silica,) or of other mineral matter, which 
is often beautifully I 
marked with lines and ' 
dote. Different species of 
pknte produce difEerenl pat- 
terns of these deposits, as 
repreeented in the figures of 
Diatoms in Chap. VII. 

7. The cell-wall is often ir- 
regnlarly thickened by a de- 
posit inside, so as to present 
different appearances in dif- 
erent cells. In the Pine and 
Fir tribe the pores in the wall 
of the wood-cells are sm^ 
rounded by concave spaceB 
or depressions. (Fig. 5.) ' sig. a. 
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In other cases the more solid mntter is deposited bo 
AS to form dots, or rings, or spiral fibers, on the cell- 
walL (Figs. 6 and 7.) 



8. Vegetable cells are of I 
various shapes, according I 
to tlic purposes which they | 
servo or tho pressure to ' 

which they have been subjected. They may be glob- 
nlar, oval, conical, prismatic, cylindrical, branched, 
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etar-eliaped, liour-glaae eliaped, disb-sliaped, tubular, 
many-Bided, or of any.otlier form. (Fig. 8,) 

9. The bioplasm within the cell-wall may bo trans- 
formed into a great variety of formed material, mak- 
ing special odl-oont&nta. Those may bo Bolid, as col- 
oring matter, starch, crystals, and resin ; or fluid, as 
oil and gum, or solutions of sugar or taunin. The 
most important of these Bubstanoes i» called CMoro- 
j)^Uf (Gp. ehlorosy green ; phyllon, a leaf,) op 
the eotipce of tho green color of planta. It ia com- 
posed of a peculiar coloring matter intimatoly united 
with separate partidea of bioplasm, which, under tho 
influence of sunlight, causes tho absorption of car^ 
bonic acid gaa from the air, which is necessary to 
nourish the plant Starch ia also an important prod- 
not of vegetable cells, jcf^, 
even moi-e widely die- "^^^3 
tribiited than chloro- NQa^ 
phyll. It seems to be 
stored up in tlie cella 
as a reserve food-ma- 
terial for the use of 
the sew cella which 
are Bnbseqaently 
formed, hence it oc- 
curs in laige quanti- 
ties in seeds, bulbs, 
and tubers. (Fig. 9.) m^ii 
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CryatdU of oxalate of lime often occnr in cells, SB 
. well as add subatanees and alkaloids, like etryclinine, 
quinine, etc, diasolved in the cell-sap. 
It 18 remarkable that sneh different materials aa 
eellfiloBe, chlorophyll, starch, 
gtim, resin, oil, eta, maj be 
prodnccd from similar cells un- 
der the infliience of the same 
environment, and equally ex- 
posed to heat, moisture, and 
electricity. (Fig. 10.) 

10. Cells generate by self- 
^- !*■ multiplication. One will divide 

into two or more pieces of bioplasm, which will as- 
sume the form and function of the original cell in the 
simpler forms of plants, or may take a different shape 
and use in the plants which are composed of nu- 
meroas cells. If the Tnother-cdl, as it is called, pos- 
sesses a nucleus, the self-division is preceded by the 
formation of new nuclei, one for each of the vUmgh- 
ter-cells. Sometimes the seLf-division of the bioplasm 
is produced by the projection of a sort of bud, which 
is separated from the parent mass. If the newly- 
formed cells retain a vital connection with each 
other, cellolar structures, or tissues, of various sorts 
are produced. The most complete development of 
this kind occurs in the higher types of plants. 
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CHAPTEE VI. 

THE TEGKTABLE CELL Afl A MEMBEB OT A OBOOT. 

1. OiTLr ft t0omp«»trvdiy bibiiII number of pbnts 
4K^dyit of a irifigld eeJL Thfise ti*e jdae amplest forms 
of plant life. ' In the grettber number of yegetables 
ibe eells are united into groups* CeU<^amiUe8 n^ay 
originate f r<»n a single modAer«cell, and remain for a 
time closely connected, or eontiguous, yet each 
daugbter^^eU pi'esenres its awn ^individuality, and 
^iQ^y odgioate a new eol<my. Skicb ceU-^imilies only 
occur ki ^ lowest classes <tf plants. Ju tbe higher 
elasses tibe mnion of cells which forms tissues and or- 
gans is p^tnanent, and the separate oells are often so 
49losely anibed as to form a sin^e Mvitj or vessel ; 
the oell^walls of young contiguous eelU fusing into a 
nommon mass, or cells originally distinct unitis^ in 
tiiose parts of the walls which are in contact. This 
union is so strong as only to be destroyed hj diemleal 
agents which dissolve the cell-waU. Yet isometimes 
«dls which have partially united «eparate from each 
oth^, forming a cavity. These spaces also may be 
grouped together so as to form passages, or air^sanals. 

12. The woody fibers of plants, and the eellukr 

tissue which makes the softer, flediy, And pithy parts, 
3 



34 Easy Lbssons in Ybgbtablb Biology. 

are made by the union of cells into groups. Obser- 
vation has shown that in the higher plants new 
cells are not produced every-where uniformly, but in 
particular spots. To places of this kind the terms 
growing-pomt and growing^ or formatwe^ layer have 
been applied. Growing-points may be seen in the 
tips of buds, and formative layers between the wood 
and bark of trees. The names formative or generair 
ing tissue have been given to the tissue which is here 
formed by the division and union of cells. A tissue 
in which the cells are not capable of self -division is 
called a pemument tissue. 

3. In direct contrast to the generating tissues are the 
Jiealmg tissues^ or cork tissues. In these the cells 
lose their cell-sap, and the cellulose of the walls be- 
comes converted into cork, which is of great im- 
portance as the true healing tissue of plants. This is 
formed like a cushion, or callus, over the surface of 
a wound in a tree. The cuttings of the cochineal 
cactus would decay at once if set in the ground with 
the surface of the wounds fresh. They are therefore 
laid for some time in the sun, in order that a cork 
tissue may be formed, which closes the wound and 
prevents decay. Such facts not only prove that the 
living vegetable is governed by other than invariable 
mechanical forces, but are also mute prophecies of 
higher truths revealed to the human intelligence in 
God's word relative to the healing of the soul. 
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4. Vessds are made by tlie union of several cells, Uie 
partition-walle disappearing while the anion continues 
at flie margin. Sach vesBele may he dotted, reticula- 
ted, annular, or spiral, from the deposit on the cell- 
wall. Chap. V, Sec 7. (See Fig. 11.) 

Baatrtuhea, or haat- 
fibers, are long, point- 
ed, thick-walled tubes, 
commonly united into 
bundles. In hemp, 
flax, etc., they form 
textile fibers, and they 
are sometimes united 
in the inner layer of 
bark so as to fonn a 
kind of lace, as in the 
lace-bark of the "West Fig. ii. 

Indies. Sieve-tuhea, or haat-vegsda, result from the 
joining of cells standing one above the other, the 
partition-walls of which have become perforated. 
Some have sieve-like perforations through their side 
walls. 

Other vessels are simple or branched tubes, often 
making a net-work, and containing a sort of milky 
fluid called latete. This latter contains different sub- 
stances in different plants, as gam, resin, opium, in- 
diarrubber, etc. 

$. In addition to the groups of cells which form 
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tiesaea and vessels, otiter smaller groups are found, 
with receptacles formed bj passages between the 
cells. According to the nature of the ssbstanoe 
Becreled tliese spaces are called oil-paaaaffes, reain- 
jpaaaagee, c(Wi^ior-gkmda, reain-fflands, etc. The 
term nectwries, or honey-glaads, is gLvea to any 
part of a flower which secretes honej or engaiy 
fluid. 

6. The first iQdependent tksae farmed in floverug 
plants hy the union of cells is the epidermis or ^in. 
The outer lajer of epidermal cells is tFansformed isto 
a thin, structureless membrane called the ct^ide. 
The icsm of the cells varies in different plaiUs, bat 
they are usoally flat or tubular, but eometimea pro- 
jecting like little knobs or bladd^s, whieh gives a 
Telvety or glistening appeiranoe to die leaf or flowa-. 
Ain(»^ the epider- 
mic odls are found 
pores, eadb <^ which 
is called a ^oma, or 
mouth. (Plural, «to- 
mata.) These are in- 
closed by two or four 
o^ls, which are ci«6- 
cent^haped, and dis- 
tingoished from other 
sig-ia. epidermal cells by 

their smaller size and by containing chlcHx>i^yll. 
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These cella are thought to regiUate evapotation by 
their expanrioa. (Fig. 13.) 

Mairs are epida>nul BtractureB, composed of one 
ot more oeUs. Under this general term may be ioi- 
daded prieklee, acalea, etinging-hurB, and glands. 
SomeBeorete roktile oil, and others, as the nettle, aa 
acrid fluid. Fig. 13 exhibits some of their forms. 



FifrU. 

7. Kext to the epidermis we find the eortex, or 
bark, often composed of cells containing starch or 
chlorophyll. Yeesels containing latex (Sec 4) and 
glands, as veil as sap-passages between cells, may also 
occur in it In some plants, masses of cork may be 
fonnd in the bark or beneath it. In snob the outer 
parts die and the bark peek off. 

& Beneath the bark is the formatiTe layer or 
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eamhi/iim, (Sec 2,) in wliicli thin-walled cells become 
transformed into vaecnlar or baet-cellB, (Sec. 4,) and 
these are changed into permanent cells. Groups 
of cellfl are thus formed wMch, united into bundles, 
penetrate the rest of the tiesne, forming the firo- 
vaeoular bundles. The developmeut of these bundles 
is cbaracteriatic of different types of plants. The 
simpler types have no fibro-vasonlar bundles, and are 
called CeHular Plants / the rest are termed Yaacvlar 



9. The fundcmienUd tieaue generally eonsisfcs of 
thin-walled cells containing starch, althou^ other 
forms of cells may be present. In plants which have 
no fibro-vascn- 
lar bundles the 
vhole interior 
may be regard- 
ed as funda- 
mental tissne. 
In other plants 
it fills up the 
spaces between 
the handles and 
within the bark. 
In the type 
of Endogens 
(Fig. li) this tissue is most developed, while in Ex- 
ogcns it occupies a smaller portion of the structure. 
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In the latter it generally forme a central jnih, con- 
nected with the hark by more or leas developed 



portions of cellular tisene, 
called the medAMary ra/^9. 
(Figs. 14 and 1*J.) 

10. These varions ele- 
ments of plants, conBistiDg 
of different forms of cella, 

tissnes, and fibro-vaBcnlar bundles, are arranged ia 
each species in a characteristic manner, so that it is 
often possible to recognize the species from a small 
fragment of the plant. For this purpose small trans- 
parent sections of a stem are prepared, cut in three 
different ways — ^transTeisely, longitudinally through 
the center, and a section parallel to the last. These 
are monnted on glass slips, three inches long by one 
wide, saturated with Canada balsam or other preserv- 
ative fluid, and covered with very thin glass for 
microscopic examination. 
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CHAPTER VIL 

FB0T0PHTTE8, OS THB filUFLEST FORHS 07 PLANm 

1. Thb BunpIeBt form of iadiTidnal plant lifo is » 
particle of living matter incloeed in a membraiM or 
ceU-walL Chap. V, Sea 4: Sodi planti are ealled 
on»«elled. Some of these remain entirely distinct 
from other oells, others form cell-families. (Chap. TI, 
See. 1) in a eort of gelatinooa investment, white 
other kinds form a aort of fiber or rod bj the adhesion 
of cells end to end. A> each cell in these diSerent 
binds is capable of independent life and growth thej 
are aQ dassed as wmmSu^. 

S. The green slime which groiri on Btoftes or 
boards ia damp places contains many of these wie- 
scHled plmt«. 
One of the 
dmpleet forms 
ii shown in 
Fig. 15. It Itf 
often f onnd 
In ndn- water 
oaskg, and is 
called the Pnv 
ioeooeuf-'froia 



t#o Gfeek W07d»: pf^otoiy Antl^ md Mma^ a berry. 
Eftch doll id n)imd, and irarles ta oolor from bright 
groen to bright red, necording to tho nature of the 
^]0rimg mftttor diff^ed in the i(ma of granules 
through the bioptosnu It requires a mioroscope to 
see the form taid e^mcture ot these eells. Each cell 
is a perfeel phnt, and like all y^etaUes which con- 
tain chlorophyll, (Chap, V, Sec, 9,) under &e influence 
of sunlight) breaks up the carbonic acid gas which it 
absorbs from the air» retaining the carbon wad giving 
off the oxygen. In the dark, however, all plants ab- 
sorb oxygen and give o& carbonic acid, rendering it 
unsafe to have many plants In a sleeping-room, since 
carbcmio aoid pA Is unfit for respiration by men and 
animals. 

The cell-wall of the protococcus is quite transpar- 
ent, and if burrt wiB allow the bioplasm and the 
granules of red or green chloroi^yll to escape. The 
cells multiply by self-division, each one producing 
two, four, eight, cap sixteen eells. These new cells 
differ from the paroit cell in not remaining quiet or 
still, but having the power of active movement 
They swim about like animals by means of two flla* 
m^ts or eitm^ (Lat. ^t^ium, an eyelash.) These 
moving cells may also subdivide into smaller ones 
which have been called by botanists sootfpareSy (Gr. 
200Sy life, and sporon^ seed,) or living seeds. Many 
of the moving eells, however, lose their cilia and 
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become stationary. In this state the cell- wall may 
thicken, and the pond where it dwells dry up, but the 
mass of bioplasm in the cell may retain dormant life 
for years, and be ready to resume its work as soon as 
moisture and warmth shall set it free. 

Many of these resting cells, with red chorophyll, 
are found occasionally in the snow of northern re- 
gions, or near the tops of high mountains, perhaps 





carried there by winds, and, finding moisture and sun- 
light, multiply themselves so rapidly as to color the 
snow by their multitudes. This forms what is known 
as " Bed Snow." Similar cells may grow rapidly in 
damp places and form masses which look like coagu- 
lated blood. In this way we may accoimt for the so- 
called showers of blood which have sometimes alarmed 
the superstitious. 

3. Another kind of primitive plants may be found 
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as green fibers or threads in almost every running 
stream. The microscope will show the cells of these 
fibers applied end to end — ^the cells at each end mul- 
tiplying by self-division. In another kind, adjacent 
cells grow together, and the green chlorophyll and 
bioplasm mix in one of the cells, forming a sort of 
spore, oi seed, which produces a new filament by cell- 
division. (Fig. 16.) 

4. The unicellular plants most interesting to those 
who study with the microscope^ are "called Diatoms, 
(from two Greek words signifying to cut through,) 
because of the ease with which a chain of them, may 
be broken up into individual cells. These cells con- 
tain chlorophyll, generally of a brownish color, and 
the external membrane, or cell- wall, is hardened by a 
deposit of fiinty matter. There are many kinds of 
Diatoms, with fimty shells, beautifully marked with 
lines and dots, often surpassing the most complicate 
patterns of art. Some are globular in shape, some 
fiat with sides like a pill-box, others square, triaugu- 
lar, boat-shaped, etc. They move about in the water, 
80 that some have thought them to be animals. Many 
are so minute as to require the very finest micro- 
scope to make out their details. Each cell consists of 
two valves, or plates, applied together like the valves 
in a muscle-shell. Fig. 17 shows a valve of one of 
the most omamiental diatoms — ^the Arachnoidisctis 
EhrenhergU. The first of these words signifies a disk 
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built like a e[dder*B -wehy and ig applied to the geniu. 
The seoHid word refers to the name (d a distingnifihed 



naturalist, and names the speciea — the Aracbnoidiaens 
of Ehrenberg. This example illnstrateB how the rari- 
otia kinds of m^fimismB are named. 

In Fig. 18 there are examples of three other tdnda 
of diatoms. 

In the living state diatoms are foond ahondantly in 
eveiy pond, rivnlet, ocean, and rock.pooL Thciy 
often make immense deposits hy their rapid mnlti'- 
plication, and in a foesil state tbej form large strata 
of rook materiaL Under the cities of Kiobmond and 
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Petersburg, la Virginia, is such a stratom 20-40 feet 
thick. 

5. Each kind, or species, of nniceUular plants, like 
every other orguiic form, has endowments or in- 
Btincts of its own. One sort remains a rounded cell, 



or changes to a raotile one. Another becomes elon- 
gated, and distributes its coloring matter inside in 
spiral form. Others appropriate glassy flint from 
their food, and deposit it in beantiful patterns npon 
their enter cell-wall. Each cell, however, in this type 
of Protophytes is capable of independent life apart 
from the rest, and may be considered as a complete 
individoal. 
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CHAPTER Vm. 

THALLOGBNS, OR DIVISION OF LABOR IN PLANTS. 

1. In the plants which we have been considering 
each cell is an individual, bat in all other kinds the 
plant, or individual, is made up of many cells, each 
one of which has a special work to do. Some belong 
to the root, some to the axis, or stem, and others to 
the leaves, flowers, or seeds. In the type of Thal- 
logens there is no very accurate division of root, stem, 
leaves, and flowers, and the whole plant is called a 
thaUvSy a frond, or green expansion. Under this 
type we flnd the classes of Alg(B^ or Sea-weeds; 
Lichens^ or the dry, leafy, or mossy patches on trees, 
stones, etc. ; and Fmigij or mushrooms, molds, and 
their allies. 

2. The Algm^ or Sea-weeds, have been divided 
into three orders, the Red, the Olive, and the Green 
sea-weeds. In the more complicate forms we find a 
sort of distinction of root, stem, and leaf, which re- 
minds us of still higher plants, but the distinction is 
more apparent than real, since the root and stem 
serve little other use than the mere mechanical at- 
tachment of the plant. The whole plant is made up 
of cells, and tliere are no proper vessels. Chap. YI, 
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Sec. 4. These external resemblances seem uncon* 
scions prophecies of forms which prove that all living 
things have been formed npon an intelligent plan. 

The cells of algm multiply by self -division, and are 
of various forms. Some absorb nourishment, or 
secrete various materials, or serve merely for growth, 
while others are appropriated to the reproduction of 
the spedes, which in some instances has a very com- 
plicated method. 

8. The class of Fimgi contains a large number of 
difEerent kinds, some quite simple and others complex 
in structure. These organisms have so many pecul- 
iarities that some scientists regard them as neither 
animal nor vegetable, but afi forming a sort of thu-d 
kingdom. They have a similar cellular form to vege- 
tables, but they have no chlorophyll, as green vegeta- 
bles have ; light is not necessary to their growth afi it is 
to vegetables ; and, like animals, they need organic sub- 
stances for food. It has been found that they are the 
agents of fermentation and putrefaction, and their prin- 
cipal business seems to be the removal of the waste ma- 
terial of both animal and vegetable life. They are 
imiversal scavengers. The simplest forms of Fungi, 
or the J/{?Zd!9, resemble Protophytes, except in the ab- 
sence of chlorophyll. The yeast-plant is one of these 
forms. It is simply a round or oval cell which mul- 
tiplies rapidly by putting forth buds and by self -di- 
vision. It is the cause of fermentation in all sugary 
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fiolutionB. Macteria of difiereut junds are minute 
/ttngif similar to the yeast-plaaty bot Imiiff in efAn- 
UooB oi aaiizial matter, in iriafsb &mr gt&wtix masos 
pntre&etian. Soeent stodies nnder it likelj liutt the 
more simple forms are Imt imperfioetly developed 
istages in the li&-hii^ior j of other ldnd& I%« 19 
fihowa the eppearBHoe of iaeteria irhea greatlj saag- 
Aified. All fvmgi are made up of elongated cells, 
sometimes branching and sometimes memforuKms or 







A/^ 
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pnlj^^ fermii^ a wfgtdiwm^ or i^wB, end i^oonded 
eells iomxk ing g^oreSj or seech, in^idi may be sn^orted 
on filaments or contained in isaea. The common 
mnshroom is one c^ the larger ^tm^ and the mbkbe 
or green mold on preserves, cheese^ «te*, an ex sm ^ 
of the minuter kinds. 

Many diseases of plants and animals m^ assoi^ated 
with the presence id jfhmgi. !&Bldew and rust in 
wheat^ the potato-blight, the false membrane in diph- 
theria, and many o&er j&yidenoes oi diseased aetioe, 
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seem to depend upon the growth of these parasites. 

In many cases, however, it is not fdUy ascertained 

whether the hacteria^ or other fongns, is the cause of 

the diseased condition, or is present, because of the 

disease, to remove the decaying materiaL 
4 



_j 
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CHAPTEK IX. 

ACROGEKS, OB PLANTS WHICH GROW AT THE SUMMIT. 

1. In fresh-water ponds and rivers, gi-owing in 

tangled uiasBes of a dull green color, we may ofteo 




liiid plants with steins ahoiit as thick as a stont needle, 
I)ut perhaps three or four feet long, with branclilets 
(iiiipro4K!rly called leaves) arranged in whorls at regu- 
lar intervals upon the axis. These arc the stono-worts, 
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coneieting of two genera, Chtwa and Nitdla. Id 
the latter the stem is a simple tab^, but in Chara the 
central or axial cell is smrounded in a spiral manner 
by others. In Cbara, also, the stem is incmsted by 
carbonate of lime. Fig. 20 will sufficiently illustrate 
their fonns. The points on the axis, or stem, from 
wliich tlie branchlets spring, are called nodes, and the 
intervening parts are the intemodea. 

These stone-worts illustrate the manner of growth 
in the type of Acrogens. Each intemode is formed 
by the growth and elongation of single cells. The 
terminal bud is also formed by a single cell, which 
subdivides into two. One of the latter formfi the in- 
temode, while the other subdivides into lateral cells, 
which by continnal division produce the branchlets. 
After a time the terminal cell in the latter is incapar 
ble of further division, but in the stem the process 
continues indefinitely. (Fig. 21.) 

Tliese stone-worts are 
also reproduced by cer- 
bun organs which grow 
at certain parte of the 
axis. These organs are 
of two kinds, oval spor- 
an^a, or spore-fruits, 
and antheridia, or or^ 
gans which contain fila- 
ments corresponding to 
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the ontAers, or male organs, of flowering plants. The 
cells of each antheriditun contain little Bwimming 
bodies called cmtherozoids, (living anthers.) (Fig. 22.) 
These coiled np anther- 
ozoids twist and turn about 
nntil they escape from the 
cell and swim in tlie flnid 
by means of their two cilia. 
They fiud their way to the 
spore-cases, and by coales- 
cence form the ooap&re, (the 
egg-Bpore, or embryo,) from 
which the future plant is 
Fig. sa. derived. When we consider 

the power of motion in these organs and others Bimi- 
lar to them, we are obliged to admit that sharp lines 
of distinction between plants and animalB are impos- 
sible in these apparently simple forms. The growing 
spore of the stoneworts gives off two filaments, one 
of which serves as a temporary root, while a cell in 
the other produces a group of lateral projections from 
which the yoimg plant springs. This temporary 
structure is termed the pro-emhryo, and something 
similar to this is common to all the Acrogens. 
. 2. Ferns form another family of Acrogens, or snra- 
mit-growers. Their varions species are admired for 
their beautiful fronds, often improperly called leaves, 
and books of coUectore often grace the parlor table. 
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They vary in size, from the Tree-fema of the tropics, 
which may be fifty or sixty feet high, to the delicate 
Maiden-hair fern of the ahady dcIL In temperate 
climes feme have nsnally a simple or branched un- 
der-gronnd stem, called a, rhizome, a root-stalk, from 
which grow root-hairs and fronds. The epidennis of 
the stem is of brovnieh hne, and when yonng and 
above ground is provided with stomata. Chap. YI, 
Sec. 6. As in higher plants, the general cellolar 
stmctore consists oi many-sided cells, containing 



chlorophyll and starch grannies. There are also ves- 
sels, (annolar, spiral, and Bcalariform, or ladder-like,) 
and fibrons or woody tiaene, tt^ether forming the 
harder tissnee. 

Fig. 23 illnstrates the growth of a fern at the 
sommit, together with the metamorphoeiB of the ter- 
minal cell into the vaxions tiesnes. 

In flowering plants the terminal cell of the leaf-bud 
becomes barren, and the enlargement of the leaf de- 
pends on the multiplication and growth of cells 
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nearer tlio base, but in the fern the frond grows as 
the stem does, so that the peduncle, or stalk, is first 
formed, then the embryo frond, then the pinnules, or 
wings, etc. 

Underneath the frond of a fern we may sometimes 
see little brown patches. Each patch is called a sorus^ 
(plural, 8ori,) It is sometimes covered by a mem- 
brane called an indtmum, and the little brown bodies 
constituting it are spore-cases which have been de- 
veloped from epidermal cells. An elastic ring sur- 
rotlnds each spore-case and assists in opening it. The 
growth of the minute spores in the spore-cases may be 
watched from time to time under the microscope. 
The little spore swells and bursts, and sends out a 
rootlet into the soil. Then a number of delicate cells 
are formed from the mother-cell in the spore, making 
a little green scale, which throws out rootlets on its 
under side. This prothaUium (as it is called) pro- 
duces two kinds of cells, one set which contains spiral 
filaments which escape and, by apparently spontane- 
ous movements enter the others, or germ-cells, from 
which the future fern is produced. Fig. 24 gives 
a good representation of the various parts in the 
structure and life-history of a fern. 

3. Mosses are also examples of plants which grow 
at the tip, or summit. They are minute and lowly 
plants, but are by no means insignificant. They have 
distinct axes of growth, and their delicate leaves are 
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arranged vith great regularity. The steib shows some 
indication of the Beparation of a hark-like portion 
from the pith-like, bj the intervention of a circle of 
bundles of elongated cells, from which branches pass 
ivto the leaves, so as to afford them a sort of midrib. 
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The root-fibers are long, tubnlar cells, quite trans- 
parent, -^-ithin which the circulation of bioplasm may 
be seen. 
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The steine of mosses nsnally terminate in fllamonts, 
eacli supporting an nm-sLaped vessel dosed hj a lid. 
The am ia covered by a cap, or hood. Under the lid 
the edge of the ara has a toothed fringe, and within 
the nm, or spore-capsule, are double-coated spores. 
(Fig. 25.) 




In producing new plants, the outer coat of the 
spore bursts and the inner wall protrudes. New cells 
grow from the extremity, forming a filament, whose 
cells at. certain points multiply by subdivision, bo as 
to form rounded dusters, from each of which an in- 
dependent plant may arise. 

The minuteness of the spores of mosses and similar 
plants accounts for their general distribution, even ia 
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the most distant and barren places. Bare rocks raised 
from the bottom of the sea, and lava-flows from the 
tops of volcanoes, marshes and dry monntain-tops, are 
soon covered by moBses and their allies. 
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CHAPTER X. 

END06ENS, OR INSIDE-GEOTT^BSw 

1. Gbasses, rashes, lilies, and palms, with similar 
families of plants, are found in the type of Endogens, 
Chap. IV, Sec. 6. This term was given to them 
because it was thought that their woody and vascular 
fibers grew from the inside, and pushed the earlier- 
formed bundles of fibers toward the circumference 
of the stem. More exact examinations have shown 
that the fibro-vascular bundles grow within the cellu- 
lar or fundamental tissue, tmn first inward toward 
the center or pith, and then bend outward and pass 
into the leaves. In grasses the cells of the center dis- 
appear except at the nodes, (Chap. IX, Sec. 1,) leav- 
ing the stem hollow. 

2. Endogens are often called Monocotyledonaj 
(Greek monos^ one, and hotyledon^ a seed-lobe,) be- 
cause the young plant has but a single seed-lobe. 
Exogens have two seed-lobes, as we may see in a 
sprouting bean or pea, atid are called DicotyledonSj 
(Gr. dis^ two.) Acrogens and Thallogens have no 
seed-lobe at all, but are propagated by cellular spores, 
and are called Acotyledons^ (Gr. a, without.) 

8. In Endogens and Exogens we find a more com- 
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pletc development of the root, stem, and leaves tlian 
in the other types, giving a cliaracter to the external 
form of plants wbich enables ns to recognize tliem 
and place tliem in a natural system of classification. 
It is therefore appropriate here to consider these 
structnres in as brief and comprehensive manner as 
possible. 

' 4. If a pea or bean be soaked in water, and the 
leathery skin be stripped off, two large fleshy masses 
will be seen (the cotyledons) inclosing a small cylin- 
drical body, (the axis,) which bears two minnte leaves 
at its extremity. The cotyledons and axis together 
constitute the emhryo. 
In the growing plant 
the stem grows from 
the axis upward and 
the root downward, 
and the leaves develop 
only on the ascending 
part of tlie axis and not 
on the root. 

In the growing stem 
the terminal cells (a, 
Fig. 26, A) multiply 
and enlarge. They fur- 
nish new cells to the 
cambium layer, or that 
between the bark and ng. m 
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wood of Exogcns. Chap. VI, Sec. 8. In the root, 
the multiplying cells are not quite at the extremity. 
A sort of cap is formed, which receives additions to 
its interior and pushes out the layers external to 
them. Thus the new-formed tissue is protected from 
the rough soil. (Fig. 26, B, C.) Sometimes the ab- 
sorbing activity of the points of the root-hairs is so 
great that particles of soil actually unite with them, 
to be afterward dissolved by the cellnsap. 

6. The primary root is that which is formed by 
the downward elongation of the axis. It is in a line 
with the stem. It is called a taproot when it is 
thicker than the branches which spring from it, and 
may be fusiform or spindle-shaped like the carrot, 
najpiform or turnip-shaped as the radish or turnip, 
jUiform or threadlike, or cylindrical. Secondary or 
lateral roots are those which spring laterally from the 
stem or primary root, as the clasping roots of ivy. 
Sometimes the primary root is undeveloped, or dies, 
and is replaced by secondary roots. In grasses these 
are filiform, and are called fhrous roots. Sometimes 
secondary roots become tuberous or fasciculated^ 
(swollen in the middle, or at intervals,) as in the 
dahlia, etc. All roots are more or less branched, and 
are covered with delicate root-hairs. If the branches 
of the root run near the surface of the ground, they 
are called creeping roots. 

6. The stem is that part of the plant which bears 
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the leaves, floWerd, and fruit Some plants are ap- 
parently Btemless, from this part remaining very 
8liort and undeveloped in proportion to the roots and 
leaves, as in the primrose. The woody stem or trunk 
characterizes trees and shrubs. A simple unbranchcd 
trunk, as the palm, is called a caudex. The scape is 
a leafless stem bearing only flowers, and belonging to 
a so-called stemless plant. It may bear only a single 
flower, as the tulip, or several, as the hyacinth and 
lily of the valley. Sometimes stems send out run- 
ners or branches which run above the ground, and 
send out adventitious roots from their nodes or ex- 
tremities which develop perfect plants, as the straw- 
berry. The rhiz<ytne is an under-ground stem, send- 
ing up branches into the air. The tuber is a thick- 
ened, fleshy under-ground stem, as the potato, in which 
we may find buds or eyes concealed in depressions. 
The hvlb is also fleshy, but has scales surrounding the 
solid base or disk of the stem, or attached to its apex. 
When the disk is large and surrounded by only a few 
leaves, as in the crocus, it is called a corm. Bulbs 
may be squamose or scaly, tunicated as in the onion, 
jQyrous^ etc. 

The length of life of the stem and roots may be 
only a single year, or annual] two years, or biennial; 
or a number of years, or perennial. 

The trunk or woody stem of Exogens, or outside- 
growers, shows on a transverse section a number of 
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circles of fibro-vascular bundles, with cellular rays 
passing from the pith to the bark. Chap. VI, Sees. 
9, 10. These circles are supposed to indicate the layers 
of annual growth, but this is quite uncertain. Some- 
times two or more circles are formed in a year. The 
diameter and height attained by some Exogens may 
be very great The Big-Tree Grove, in Calaveras 
County, California, contains trees from 350 to 400 
feet high, and 33 feet in diameter. 

The stems of Endogens, or inside-growers, exhibit 
in their sections no distinct pith, no concentric circles, 
no medullary rays, and no separable bark. 

7. Stems produce budsy which may be regarded as 
shortened axes, capable of elongation. According to 
the organs which result from their development, tliey 
are termed stem^ucky lecrf-huday and fiofwethuds. 
They are terminal if produced at the extremity of 
the primary axis, and lateral if at the sides of the 
axis. In palms and tree-ferns the buds are termi- 
nal, and if the top of the stem is cut off the 
plants perish. Buds are often ]H*otected by coarse 
leaves or scaleSy which may be covered witli hairsj 
or with gummy or resinous matter for additional pro- 
tection. 

Buds often lie donnant, and do not appear a^ 
branches unless stimulated by some local injury to the 
plant; others are altered into thorns. Thorns are 
undeveloped branches, and many plants which ar© 
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thorny -when vild are not bo under cultivation. 
Thorns difEer from prickles, which are hardened 
hairs. 

8. Learns »re eonetitnted of cells, with caTities, 
fibro-YaBcular bandies, and epidennis. (Fig. 27.) 



rig. ST. 

The veins in a leaf are the rascnlar parts, and their 
distribiition differs in the type^ of Endogens and 
Kxogens, so as to afford a ready means of discrimina- 
tion. The veins in the leaves of Endogens are gen- 
erally parallel or straight, and do not f<ain a network 
as in Exc^ns. (Fig. 28.) 

"When two leaves are at the same level, one on each 
side of the stem, they are called oppoeite; when a 
circle of leaves is thus produced it ia called a v>hod. 
When tliere is only one leaf on the same level the 
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leaves are cUt^naie or maUer^. Irregalar afl the 
latter mode may appear in difierent plants, obeerr&> 
tion ahowB tliat it is tolerably nnif<M'in in each apeciee. 
[f a spiral line (or thread) is drawn round 
the Btem cfuinecting the points of attach- 
ment of the leaves, and these ore nuirked 
3n the spiral, it is found that in any par- 
ticnlar species there Is a definite ntimber 
of leaves on any given number of turns 
made by the spiral round the stem. Id 
the peach and plom the cycle made by 
the leaves directly above each other em- 
braces five leaves, and the spiral goes 
twice round the branch. This is expressed 
by the formula 4. In the alder three 
leaves form the cycle, and the spiral has 
but a single turn on the stem. This is 
represented by the fraction }. 

Ccmering^l^/ee» are fio called because 
they cover or protect other parts, as the 
scales of buds, and 'braaU, or leaves in 
axils of which flowers are placed. The 
leaf-stalk is called t^pe^ale. When it is 
— absent the leaf is said to be aesgUe. At 
**""■ the base of the petiole flat leaf-like ap- 
pendages are often found, called et^ntlea. 

Leaves are said to be simple when the blade is 
composed of one piece, however irr^ular may be its 
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shape, and com/pound when divided into distinctly 
separate parts, or leaflets, connected with the petiole 
by secondary petioles. 

Leaves may be lanceolate^ oft narrow and tapering ; 
oblong^ or narrow and not tapering ; cordate^ or heart-' 
shaped; sagittate^ or arrow-shaped; <wafe, or egg- 
shaped, etc. A compound leaf having leaflets placed 
laterally is called pinnate. If the leaflets are them- 
selves divided, it is hvpmnatej and a further division 
of the leaflets is t/rvpinnate. Sometimes a compound 
leaf is triple, or tematey etc. When a temate leaf 
divides twice it is Hternate; when thrice, triter- 
nate. 

It is not uncommon to find on the same plant leaves 
of different forms. The radical leaves, or those 
which grow from the lower part of the stem, are often 
different from the upper ones. 

The function, or use, of leaves is to expose the' 
juices of the plant to light and air, and thus aid in 
forming the woody matter of the stem and the vari- 
ous secretions. If the leaves are excluded from air 
and light, as is the case in crowded plantations, the 
wood is not properly formed; The same may be said 
of all the substances formed by the plant. Thus, 
potatoes grown in the shade, which impedes the ac- 
tion of the leaves, become watery, and produce little 
starch in their tubers. 

Leaves also exhale watery fluid, and by decompos* 
5 
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iog earboiiio aeid gas are able to appropriate the car- 
bon 9» food, mi rQtuTO tbQ oxyge^ to the air. Chap, 
V, Sec. 9. 

The^ lengtl^ of life o| leayeft vajriea greatly. In 
temperate climate the majority of leavea fajil off iu 
the autiimB, or are decidwma,. In th^ soiled ^vev- 
ffiMiem trees and shrubs they persist through the wia- 
teVjt and may even remain several yeara. 

9k ThQ ?Qot, stem, and leaves of a plant eonstitute 
ito «vgwAft Of nntritiw, Flwd mtt^r* aw* tafcea np 
fltMm the Boil by the cells of the roots^ these are con- 
veyed to the leaves, and under the influence of air and 
light are fitted for the purposes of plant life, and for 
the prodnetion of various materia, as starch, gum, 
sngar^ woody ma,tte?„ gl^it^n^ oito> 3ftd resins^ Chap. 
Y, Sec. ft. 

10. The Jlower is the organ, or ass^nblage of or- 
gans, for the prodnetion of the seed. In Endogens 
and Exogens this structure is conspicuous, and tl>ey 
are hence called flowering plwts, to distinguish tliem 
from other types. 

Fig. 29 illustrates the general structure and ar- 
rangement of parts in a? flower. The poet Goethe 
taught that all the various parts of a plaint are modi- 
fications of leaves. Not tliat they were originally 
leaves and were transformed, but that they are formed 
of the same elements, arranged upon the same plan, 
and follow the same general laws as leaves. The 



parte of a flower are hence caXled ^fioralleo'ves. These 
are oBoally arranged in four whorla. The onter whorl 




ia the calyx, the next the cordUa, the third the eta- 
ment, and the innermoet the^>i^^. 
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The flowers of Exogens exhibit two or fire parts, 
or multiples oi these numbers, in their whorls, while 
Endogens have three, or a multiple of three, in their 
whorls. In Exogens, also, the calyx is usually green 
and the corolla colored, but in Endogens both are often 
colored. The term pericmth is generally applied to 
the floral envelopes of Endogens. 

The parts of the calyx, when separate, are called 
sepcHsj and the leaves of the corolla petaU. Stamens 
have two parts, the JUmnenty or stalk, and the cmtherj 
or broader portion, corresponding to a folded leaf, and 
containing fertilizing grains called poUen, The pistil 
is also made up of two parts, the ovary ^ containing 
ovules, or young seeds, and the stigma for the recep- 
tion of the pollen-grains. This latter is sometimes 
sessile, or resting on the ovary, and sometimes ele- 
vated on a stalk, or style. 

Some flowers have no stamens, and are called fe- 
male flowers; others have no pistils, and are male 
flowers. But these organs are always present, either 
on the same plant or on different plants. If the co- 
rolla is absent the flower is called mcorryplete^ and if 
corolla and calyx are both absent it is naked. The 
position of the stamens in relation to the ovary is of 
botanical importance. Sometimes they are attached 
to the receptade^ or upper part of the flower-stalk. 
They are then below the ovary and free from it, as 
well as from the calyx, and are said to be KypogymyaSy 
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or under the ovary. Sometimes they are attached to 
the calyx, but free from the ovary, and are called 
perigynousy or around the ovary. In other cases the 
stamens appear above the ovary, and are epigynous^ or 
upon the ovary. In such instances the calyx is also 
epigynous. The grains of pollen when discharged 
from the anther are applied to the stigma, and in a 
short time send forth tube-like prolongations to the 
ovule in the ovary, by which means the embryo plant 
is formed. Many xjurious and beautiful arrangements 
are made to ensure the pix)per application of pollen 
to the upper part of the pistil. In some flowers the 
stamens have elastic filaments which are at first bent 
down and Held by the calyx, but when the pollen is 
ripe the filaments jerk out and scatter the powder on 
the pistil. The agency of winds and of insects is 
made use of in some cases. In the hazel, where the 
pollen is in one set of flowers, the leaves might inter- 
fere with the application of pollen, hence they are 
not produced until it has been scattered. 

11. The term fruit is applied, in botanical lan- 
guage, to the* mature perfect pistil, whether dry or 
succulent. Fruits are formed in different ways. 
Some, as the pea and bean, consist solely of the 
slightly altered pistil ; others, as the grape, peach, and 
plum, have the pistil so changed as to be succulent. 
The gooseberry, currant, apple, and pear are formed 
by both pistil and calyx, a poi'tion of the latter 
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remainiiig at tlie top of these fruits in the form of 
brownish scales. The hazel-fruit consists of the pis- 
til developed into the nut, with a covering of bracts 
called the husk. The cup of the acorn is also formed 
by bracts. In the strawberry, the succulent part is 
the enlarged receptacle, containing numerous small 
carpels, or fruits, often called seeds. The mulberry, 
pine-apple, bread-fruit, pine-cone, and fig are made 
up of numerous pistils formed by separate flowers 
and combined into a common mass. 

12. The seed is usually contained in the seed-vessel 
or fruit. If there is no seed-vessel, as in the fir, the 
seed is said to be naked. In order that the seed may 
be complete, it must contain the rudiment of the 
young plant, or embryo. 

When the seed is placed in favorable circumstances 
the little plant begins to germinate. Sec. 4. The 
phenomena of sprouting seed are well seen in the 
malting of barley. The grain is exposed to moisture, 
heat, air, and is kept in comparative darkness. These 
are favorable circumstances analogous to prepared 
soil. A change takes place in the contents of the 
grain. The starch, which is insoluble in water, and 
unfit for the nourishment of the plant, is converted 
into sugar, which is soluble, and easily absorbed by 
the bioplasm of the cells as food. The young roots 
are first protruded, and then the stem, surrounded by 
a leaf called a cotyledon, or seed-leaf. If the barley 
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irere aUowed to grow, the wliole of the sngar wonld 
be used b/ tbe plant Bat man wishes to get tlie 
sugar, «nd he therefore Btope the growth of the plant 
bj drying it, and thus makea vaslt. 

13. Orasaes uid Sodff«» are familiee of KDdogcns 
whose flowers hare imbricated bracta, of soaleS) Called 
^umea, instead of a colored periauth. (Fig. 30.) 

Among the graases are classed 
the natritiona grains, as Wheat, 
Barley, Oats, Bye, Eice, and 
Indian Com. 

14. The families of Palmt 
and Banantu are also noted 
members of the type of En- 
dogeiiB. (Fig. 31.) 

LinnEeoB, the father of botan- 
ical Bcicnoe, called Glraasea the , 
plebeians, and Palins the princes, 
of the vegetable world. The latter are cerbuuly 
beantifulf and often gigantic, plants. As to utility it 
would be difficult to make a oompwiaon. Yarioae 
Bpecies of Palms are Osed for supplying food and for 
forming habitations. The fmit of some is odible. 
Many Hnpply oil, wax, starchy matter, and eogar. 
Their fibers make ropes, and varions nten^k are 
formed from their wood or fruit. 

15. The Orchid family has unmerons species, »o- 
markabUi for tlic variety of forms and brilliant colors 
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in their flowers, which often resemble insects, birds, 
and lizards. The visits of insects are often needed 
for their fertilization. 

16. The LUy family, including many garden flow- 
ers, as Tulips, and Lilies, (Fig. 32,) as well as such 
plants as the Onion, Squill, Aloes, and Asparagus, is 
a beautiful representative of the type of Endogens. 
Other families, as that of the Bul/ruaheSy have in- 
complete flowers.. 
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CHAPTER SX 



EX0GEK3, OK OUTSIDB 0B0WEB9. 

1. P1.ABT8 which prodace woody and vascnlar layers 
near the circamference of the stem are veiy namer- 
0U8, including about 70,000 different speciea. 

Between the woody layers, or rings, and the bark 
of sach plants is a semi-lliiid mncilaginons matter 
containing the new or growing cells. This layer is 
called the cambium layer. At the apex of the 
stem, and at that of the root, this layer is continnoas 
with the cells of bioplasm 
which multiply by self-di- 
vision in these localities so 
aa to supply the elements of 
tlie new tiBsnes. {Fig. 33.) 
2. Incom^^^teExogensaxB 
those whose flowers have no 
otN^Ia. Sometimes, but not 
always, they have a calyx, 
or simple perianth. They 
are of two kinds : 1) Those 
whose seeds are naked, as 
Pig. 88. in the Cone-bearing family, 

consisting of tlie Fir and Spruce tribe, tlie Cypreaa 
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tribe, and gimilar planta. These comfere are geneiv 
ally large trees or eveigreen elirubs, and famish 
much Talnable timber, 
pitch, tarpentiue, and 
resin. (Fig. 34.) 

2. Those whoee seeds 
are contained in an ova- 
ry, as the Amaranth, 
Buckwheat, Lanrel, Net- 
tle, Fig, and the CaHem- 
hearing family. This 
latter family is the most 
important of this order, 
since it contains the most 
important timber -trees, 
ae the Alder, Birch, Wil- 
low, Poplar, Oak, Chest- 
nut, etc. Their flowers, 
either male or female, 
are arranged on a com- 
mon axis, without sepa- 
rate stalks, and are with- 
out either calyx or corol- 
la, but furnished only 
with scaly bracts. Such 
dusters, or catkins, at- pis.34. 

tract attention in early spring to the willow, alder, or 
poplar trees. This family, with tlic Conifers, givcd 
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character to the woodland scenery of temperate climefl. 
(Fig. 85.) 

3. In the next snbdlvigion of the type of Exogens 
we find plants whose flowers have both calyx and 
corolla. The petals of the corolla are also united, and 
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bear the stamens, as the Honeysuckle, Teazel, Lobelia, 
Convolvulus, Primrose, Labiate and Composite fam- 
ilies, etc. 

The Labiate family contains many fragrant and 
aromatic plants, as Mint, Lavender, Sage, Balm, etc. 
It is characterized by two long and two short stamens, 
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four little nuts, or naked seeds, and irregular corollas. 
The Compodte f(miily i&\QTy exiQimyQ, It includes 
ail such plants as the Thistle, Sunflower, Daisy, Aster, 
and Chrysanthemum. There are about twelve thou- 
sand species in this family, distributed all over the 
globe. They are generally herbaceous plants, and 
often contain a milky fluid, or latex. The flowers are 
placed on a common expanded receptacle, crowded to- 
gether into a capitulumy or head, and surrounded by 
a general invohccre of densely crowded bracts. The 
florets of the central part of the capitulum are often 
of a different structure and color from those of the 
margin, and the two kinds are distinguished as florets 
of the disk and florets of the ray. 

4. Another class of Exogens also have calyx and 
corolla, but the corolla has distinct petals, and the 
stamens are attached to the calyx. 

The UmbeUiferotcs family is found in this division, 
and contains culinary plants, such as Carrot, Celery, 
Parsley, and Parsnip ; medicinal herbs, as Caraway, 
Fennel, Coriander, and Assaf oetida ; and some poison- 
ous plants, as Hemlock and Fool's Parsley. This 
family is named from the mode of its inflorescence. 
An umhelj like the capitulum, has the stem terminat- 
ing in a number of flowers, but each separate flower 
is stalked. The umbel is simple when the main stem 
or peduncle ends in a number of separate stalked 
flowers, as in the Cherry, compound when it branches 
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into a number of secondary nmbels, as in tlie major- 
ity of genera in the family of Umhelliferm. 

The Legv/mmoae family, characterized by the ovary 
developing into a pod, (or legume,) is also very ex- 
tensive. It includes many forms of herbs, shrubs, 
and trees. Some have flowers resembling a butterfly, 
and hence called papilionaceous, as Clover, Lupins, 
Peas, and Beans. Others have irregular flowers which 
are not papilionaceous, as the Tamarind-tree and 
various species of Senna, or Cassia. In other 
cases the flowers are regular, the scales of the calyx 
in the bud are val/vate^ or touch only at the edges, 
and the stamens are sometimes very numerous, as in 
different species of Acacia, and the Mimosa, or Sen- 
sitive-plant. The Hose family is also a very large 
one, and includes not only the roses of our gardens* 
but Raspberries, Strawberries, Plums, Apples, Pears, 
Cherries, Peaches, Apricots, and Almonds. 

The Cactus family is also found in this division. 
It contains many succulent plants, generally destitute 
of leaves whose place is supplied by fleshy steins of 
grotesque figures. Some are angular, others are 
roundish and covered with stiff spines. They vary 
in height from a few inches to twenty or thirty f eet. 
The flowers are often very showy, varying from pure 
white to rich scarlet or purple. In Mexico and 
Southern California there are numerous species, some 
of gigantic size. (Fig. 36.) 



5, In the higheet dass, or moet perfect Exogens, 
the calyx and corolla are present, the petals are di»- 



tinet and uwerted into the receptacle, and the stamens 
grow from beneftth the ovary. 

The Oeoufoot &mily^ having diBtinct carpels above 
nnmerona BtameB% and anbrafang the Raoi/u/ncvhia, or 
Bnttereop^ tha Larkspur, Aconite, and Peony ; the 
Po^SU t^>^^i^y havio^ the carpels united into «a. on- 
dirided ovary ; the Ora^fero'\tB family, readily known 
by their four emeiate petals, and indnding many 
flowers and vegetaUes^ as Wallflower, Cabbage, Tuiv 
nip, Badish, and Mustard ; the FIajux family ; the Tea 
family, containing the Camelliaa and the Tea-plants ; 
the Oremge family; the JUt^le family; and many 
others, are fonnd in this gronp. 
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CHAPTER Xn. 

THE VEGETABLE CLOTHING OP THE WORLD, 

!• The beautiful forms of vegetable life, and the 
peculiarities of different species, give character to the 
landscape scenery of the world, and the comparison 
of the different floras (or groups of plants) on the 
earth's surface will aid us greatly in \mr biological 
generalizations. 

2. The study of the distribution of plants over the 
earth is sometimes termed Botanical Geography. It 
has been greatly promoted by the travels of Hum- 
boldt. Standing a few hundred feet below the sum- 
mit of COiimborazo, he saw an epitome of the vegeta- 
tion of the globe — a picture of all climates from the 
tropics to the poles, with their zones or belts of vege- 
tation. Just above him rose the inaccessible summit 
of snow — ^a beautiful image of purity set in the cloud- 
less blue of a tropical sky. The only vegetation present 
was the Red Snow, or a few ThaUogeiis. The vol- 
canic rocks around him were draped with Lichens, a 
few Mosses, and Alpine flowers. Beneath, the grass- 
green slopes, with varied flowers and willowy shrubs, 
were succeeded by forest belts, ajid these latter by the 
tropical luxuriance at the base of the mountain. 
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8. Each species of plalit has its c^ter of difltribn- 
iion at tkd dpot from which it originally sprang. It 
Ib not easy, however, to determine thato centers, be- 
canse of plant migration. All plants are not 
eqnally capable of migration^ or the strongest would 
have replaced the rest and occupied all the ground. 
Migration is also hindered by sea^, deserts, mountain- 
chains, and climate, as well as by the existence of 
other plants and animals. 

4. "Hie transitions from one species to another met 
with in gradually ascending mountain regions are 
not such as Barwin^s theory of natural selection might 
lead ns to e^tpect, nor do they &vor any theory of 
transmutation of one kind into another. Such a 
mountain-side is the most appropriate place in the 
world f of practically testing such theories. If any 
transitional forms ever existed between species we 
may reasonably expect to find them here. But the 
Alpine species make their appearance, and those of 
the plains disappear suddenly at particular elevations, 
and we find no transitional varieties. 

5. Olimate hsa mnch to do with the elmitarity in 
. the floras of diflEerent r^ons. This holds good in 

widely Separated regions, as seen in the resemblances 
of the beeches of Japan and the Straits of M%ellan, 
and oi the heaths of the Cape of Good Hope and of 
Western Europe. . 

6. Griesbaeh divides the surface of the earth into 

6 
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twenty-four regions of vegetation or natural floras. 
Each of these is subdivided into zones, and the char- 
acter of each zone is determined by its elevation 
above sea-level. A succession of zones is thus ob- 
tained until the line of perpetual snow sets a limit to 
vegetable life. We do not find in nature such defi- 
niteness as our dassifications and theories imply, yet 
there is a general similarity between the flora of any 
I>art of the earth and that of a mountain-zone of cor- 
responding temperature. Thus, similar and often 
identical plants occur in the lower zones of the mounts 
ain and in the districts (north or south) having an 
increase of latitude, and this principle continues until 
the floras of the snow-line and of the arctic regions 
generally correspond. Yet, notwithsUmding simi- 
larities, the floras of mountain and of arctic regions 
show considerable differences. 

7. The base of the mountains near the equator, 
from the sea-level to about 2,000 feet high, forms the 
zone of palms and bananas. From this to the height 
of 4,500 feet is the zone of tree-ferns and figs. In 
India these are covered by many kinds of peppers, 
and orchids. In the islands of the Southern Ocean 
the figs are replaced by tree-like UfiicaoecBy and 
the valuable cinchona-trees characterize the South 
American region. The zone of myrtles and laurels 
comes next, extending to 6,000 feet The predomi^ 
^ant trees are those with thick, shining leaves, as 
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myrtles, camellias, and magnolias. Acacias and 
heaths attain here their highest development, and 
evergreen oaks abound. The lanrels occar 
mainly near the upper limit of this zone, and are 
found also in the next, the zone of evergreen trees, 
which reaches the height of 9,000 feet Next is the 
zone of trees with deciduous foliage, which extends 
to the height of 10,000 feet In the tropics this is 
only seen on elevatied plains. From this to 12,500 
feet is the zone of conifers, and thence to 15,000 feet 
is the zone of rhododendrons. Here lofty trees dis- 
appear, and are replaced by luxuriant meadows and 
herbs with thick, shining leaves and magnificent flow- 
ers, as the rhododendrons and azaleas. The last zone 
is that of Alpine herbs, extending to the snow-line. 
The plants are chiefly perennial, with woody roots, a 
small amount of foliage, and brightly colored flowers. 
Nearly all contain resinous and bitter substances. 

The Alps and other mountains of temperate climes 
have but five or six zones. The zone of fruit trees 
rises to about 2,000 feet. The apple and grape ascend 
thus high, but the walnut may be found up to 3,000 
feet. The woods here consist chiefly of beeches, 
alders, pines, and oak. The zone of beeches may 
reach to 5,000 feet. The birch, sycamore, hazel, wild 
cherry, and many herbs, as the plantain, dandelion, 
and chrysanthemum, attain their upper limit here, and 
disappear with the beech. At the same time, we 
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reach the lower limit of the rhododendron, gentian, 
prinarose, etc. The zone of pines comes next, to 
6,000 feet. The zone of Alpine herbs extends to the 
limit of perpetual snow, 9,000 or 10,000 feet. The 
dwarf willow, a few rhododendrons, the mountain- 
heath, and a single azalea are all the woody plants 
of this zone in the Alps. The zone of cryptogams, 
or the snow region, has only mosses and lichens, and 
occasionally the ^ red-snow plant '^ 



GLOSSARY AND INDEX. 



A'cid products of plants, 31. 

Acotyle^dons, 58 : plants without seed-lobes. 

A(/rogens, 26, 50 : plants which grow at the summit 

Albu^men, 12: in animals, white of egg and similar material; in 

vegetables, the nourishing matter in seeds, eta 
Adventi'tious, 61 : accidental or additional. 
AFgse, 46 : water-plants belonging to the tjrpe of Thallogens. 
Al'kaloids, 31: active principles (not acids) of certain plants; as 

morphia, quinia, etc. 
Alter'nate, 64 : by turns. 
Anther, 52: the part of the stamen in a flower which contains 

pollen. 
Antherid^ia, 51: the organ in mosses, etc., corresponding to the 

anther in flowering plants. 
Antherozo'id, 52 : the moving male element in plants without flowers. 
An^nuals, 61 : yearly plants. 
An^nular, 35: ring-like. 
Amoe^id, 18: resembling the Amcebctf one of the most primitive 

animals. 
Arachnoidis'cus, 43: a genus of Diatoms, named for its net-like 

markings on the disk. 
Az/is, 46 : the central column of a plant, round which the oilier partd 

are arranged. 

Bacte'ria, 48 : a minute organism, of globular or rod-like form, genera 

ally regarded as one of the Fungi. 
Bast-fibers, 35: the vessels or fibers of inner bark. 
BiA)plasm, 13, 15: living germinal or formative matter. 
Bienmial, 61, pertaining to two years. 
Biol'ogy, t : the science of living beings. 



•« * %. V 
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Bipin'nate, 65 : twice pinnate; or having two series of leaflets. 

Bot'any, 8: the science of plants. 

Bracts, 64: a small leaf, or scale, from the axil of which a flower or 

its pedicle proceeds. 
Bulbs, 61 : a fleshy roundish body consisting of scales or imp^ectlj 

developed leaves, producing a stem and roots. 
Buds, 62 : a small protuberance containing the rudiments of future 

leaves, flowers, or stem. 
Bul'rushes, 73 : a large kind of rush, growing in water. 

Gac'tus, 78: a family of succulent, prickly plants. 

Cap'sule, 9 : a sort of cup, or seed-pod. 

Cam'blum, 38, 59 : the glutinous layer between the bark and wood, 

from which new tissue is made. 
Cam'phor-glands, 36: groups of cells secreting camphor. 
Carbonic acid gas, 31 : a gas imbibed by plants for nutrition, the 

carbon being retained and oxygen given out 
Car^pels, 70: the leaves forming the pistil, sometimes separate and 

sometimes united into a single ovary. 
Cat'kins, 75 : a mode of inflorescence so called from its resemblance 

to a cat's tail. 
Capit'ulum, 77 : a thick head or cluster of flowers, as a clover-top 

or dandelion. 
Ca/lyx, 68 : the outer leaves of a flower, generally green. 
Gau'dex, 61 : the stem of a palm. 
Cell, 13 : a mass of living matter. 

Cell-wall, 27 : the outer layer, or membrane, of vegetable cells. 
Cellulose, 28: the starchy material of which the cell-wall is com-' 

posed. 
Cell-contents, 31 : materials within cells. 
Cel/lular-plants, 38 : a term given to those plants which are destitute 

of vessels. 
Cell-families, 33 : clusters proceeding from a single cell. 
Centers of plant distribution, 80 : the original place of plant growth* 
Cha^ra, 51 : a genus of Stoneworts. 
Chemical elements of bioplasm, 14. 
Chemical products of bioplasm, 16. 

Chlo^rophyll, 31: the green coloring matter in plants, which some- 
times becomes red, brown, etc 
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Glassiflca'tion, 23 : arrangement. 

dass^es, 25: primary modifications of typea 

Oil^a, 41 : hair-like projections from cells. 

Gircola'tion in cells, 28: moyements of the living matter within. 

Gli^mate, 80 : its effects. 

Ooiales'cence, 52 : union of parts. 

Cork, 34: the healing tissue of plants. 

Cor'tex, 3t : bark. 

Corolla, 67 : the inner covering of a flower, generally oolored, sur- 
rounding the stamens and pistiL 

Ck>rm, 61 : a solid bulb. 

Gor'date, 65 : heart-shaped. 

Ck/nifers, 75 : trees bearing cones, like the Pines and Firs. 

Gompos'ite plants, 1*1 : having flowers gathered in a capitulum or 
head. 

Gotyle'dons, 58 : seed-lobes. 

Cru'date, 79 : like a cross. 

Cru'cifers, 79: plants having cruciform flowers. 

Crow-foot family, 79 : a fanuly of plants, containing buttercups, etc. 

Cu'tide, 36 : external skin. 

Crys'tals, 31 : small chemical accumidations foimd in cells. 

Cy'de, 64 : a round, or set 

DaugVter-oells, 32 : the progeny of a single cell 
Decid'uous, 66 : falling off. 

Deposits on cell-walls, 29 : hard material left on the external mem- 
brane, in shape of dots or signs. 

Dl^atoms, 29, 43 : a kind of unicellular plants with flinty deposit on 
the surlace. 

Dicotyle'dons, 58: having two seed-lobes. 

Differences in bioplasm, 17, 23. 

Dipbthe'ria, 48 : a diseased condition connected with the presence Of 

Fungi 

Distribu^tion of plants, 81. 

Embryo, 54, 69: the rudimental or undeveloped condition of the 

organism. 
EnMogens, 26, 58, 62 : plants whose vessels and fibers grow inside 

the cellular tissue of the stem^ 
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EnMosmose, 16 : passage of liquid inwfurd Uirough a membrano or 

I>orous partition. 
Enyi^ronment, 29 : surrounding oiroumstaoOQS, 
Epider^mis, 36: outer skin. 
Epig'ynous, 69: upon the ovary, or pIstiL 
Ex'ogens, 26: plants whose vessels and ftberd grow outside, or 

between the bark and wood. 
Ez'oemoee^ 15 : passage of fluid outward through a n)embrane. 
Evolution, 21 : a theory ol development ol things Irom simple to 

complex, by a power within themselvea* 
Exter'nal forms of plants, 59. 

Family, 25 : a group withio an order in dassiflcation* 

Fascic'ulated, 60 : growing in bunches or bundles, 

Fermenta'tion, 47 : a chemical change produced by the growth of 

a fungus, the yeast-plant. 
Ferns, 52 : a class of Acrogens, generally having spores ou the back 

of the fronds or leaves. 
Fi^bro-vas^cular, 38, 58 : pertaining to vessels and fibers, 
Finform, 60: threadlike. 
Fil^ament, 43, 50, 54: the part of a stamen supporting the anther* 

A thread. 
Flo'rets, 77 : small flowers. 

Floors, 80 : a group of flowers belonging to a district or country. 
Flow'er-stnict'ure, 66, 67. 
Forms of cells, 30, 31. 
Formed material, 15 : material or shapes produced by bioplasm, or 

living matter. 
Form'ative layer, 34: the cambium, or layer where new cells grow. 
Frond, 57, 46: the leaves of Ferns. 
Fun'gi, 46: a class of Thallogens, emiMracing tiie mushrooms and 

molds. 
Fundament/al tissue, 38 : the cellular parts of plants. 
Func^tions of leaves, 65: the uses served by them. 
Fu'siform, 60: spindle-shaped. 

€reolog1c history, 9. 

Cre'nuB, 25 : a group within an order in classification. 

€(erm-cell, 54 l a qqU answering to the ovary in flowering plants. 
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Gen'eratiDg-tissue, 34 : the oel)8 which form new tissues. 

Grermina'iion of seeds, 10. 

Glumes, *ll; husks, or scales^ as in the powers of grasses and 

grain. 
Grass'es, 58, U : a large family of plants with timikle leavea and 

jointed sterna, as wheat, rye, oats, etc. 
Growing-point, 34 : the place of growth in Acrogena, 
Growth at summit, 52. 
Growth of Ferns, 52. 
Growth of Ex'ogens, 74. 
Groups of cells, 33. 

Hairs, 3*7 : epidermic appendages. 
Hearing-tis'sues, 34. 
Heat, eifects of, 16. 
Hypog'ynous, 68: under the ovary. 

Iden^tity of bioplasm, 22. 

Iner'tia, 17 : the tendency of matter to remain in a stata of rest or 
motion. 

Individ^uals, 25: persons or things which cannot he divided w}t}u)ut 
loss of identity. 

Incomplete Ex'ogens, 68, 74: those whose flowers have no co- 
rolla. 

Indu'sium, 54 : a membranous covering to the fruit-spot of some 
Ferns. 

Inher^ent mention, 1 8 : movement originating f^rom witliin. 

In^stinct, 45 : an inward impulse, or tendency. 

In^temodes, 51: the space between tlie nodes, or plaees whence the 
leaves arise. 

Inflorescence, 77: mode of flowering. 

Involu'cre, 77 : a whorl or set of bracts aiound a flower, umbel, or 
head. 

Labiate, 76: p^nts whose flowers have leaf-like prcjections 

Land^scape scen'ery, 81. 

La^tez, 35: fluid, generally milky, contained in special vessels and 

holding peculiar substances in solution^ 
Lan^ceolate, 65: oblong and tapering. 
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LegQ^minose, 78 : plants haying legomes, or pods. 

Iieaves, 63. 

Lich^ens, 46: a class of Thallogens, often improperlj called rock* 
moss, or tree-moss. 

Life, 9 : the power by which oigiEuiized beings live, or the state of 
animate existence. 

Life his'tories, 8; 

Living matter, 12: bioplasm. 

Lilies, 73: a large ikmilj of flowering plants, indnding IQies, tu- 
lips^ eta 

Kate'rialism, 10: the dogma that all things consist of matter alone. 
Med'ullarj rays, 39 : rays of cellular tissue or pith, passing from the 

center to the bark. 
Ketamor^phosis, 53: transformaticm, or change of form or shape. 
Microscopic sec^tions, 39. 
Mentions of bioplasm, 18. 
Myiile, 45: having power of self-motion. 
Honocotyle'dons, 58 : plants with single seed-lobe. 
Moth^er-cells, 32 : the cell from which others originate. 
Moss'es, 54: a class of Acrogens, with plants of small size, and 

stems with narrow, simple leaves. 
HountVtm-vegetation, 83. 
Molds, 47 : mhiute fungous plants. 
Multiplica'tion of cells, 32. 
Mycelium, 48 : the filaments, or spawn, from whidi a fimgus grows. 

Names of species, 25. 
Kalced, 68 : without calyx or corolla. 
Na'piform, 60 : turnip shaped. 
KeVulous, 8 : doudy or misty. 

Neb'ular hypoth'esis, 8 : theory of development of worlds from primi- 
tive fire-mist 
Nec'taries, 36 : groups of cells which secrete honey. 
Ku'deus, 28: a concentration of vital power in a celL 
Kude'olns, 28 : a secondary nudeus. 

Nodes, 51 : points on the stem from whidi the leaves proceed. 
Nutri'tion, 20 : the process of nourishment 
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Cospore, 62: the embryo of Acrogens, etc. 

Or'chids, 11: a group of plants with very peculiar flowers. 

Or'ders, 25 : aubdivisiona of classes. 

Organ'ic forms, 46 : forms of animals or vegetables. 

Organiza'tion, 9, 27 : the arrangement of organs or parts. 

Origans of nutri'tion, 66. 

Oil-pas'sages, 36 : cavities conveying oil 

O'vary, 68 : the lower part of the pistiL 

Cvate, 66 : egg-shaped. 

(/vule, 68 : a young seed. 

PaVulum, 15 : food. 

Pahns, 71 : a group of conspicuous tropical plants, 

Pedun'cle, 77 : the stalk of the flower or fruit. 

Perianth, 68 : the envelope of the flower when caylx and Corolla are 

indistinguishable. 
Perig'ynous, 69 : around the ovary. 

Per'manent tis'sue, 34 : beUs in a plant incapable of further growth. 
Peren'nial, 61: plants which live more than two years. 
Pet^le, 64 : the foot-stalk of a leaf. 
Pet'al, 68 : the leaf of the corolla. 

Pin'nate, 65; a compound leaf, with leaflets along a common pe- 
tiole. 
Pls'til, 67 : the central organ of a flower. 
Papiliona'ceous. 78: butterfly-like. 

Pin'nule, 54 ; a branchlet of a pinnate frond or leaf. 

Pollen, 69; the fecundating dust in the anther of a flower. 

Pop'pies, 79 : a genus of flowering plants. 

Phys'ical forces in bioplasm, 15. 

Pith, 39: the central cells in the stem of plants. 

Primor'dial u'tride, 28: the mucilaginous layer within the cell-wall 

of a celL 
Pro'tococcus, 40 : a genus of primitive plants. 
Pro'tophytes, 26 : the simplest type of plants. 
Plant migration, 81. 
Pro-em'bryo, 62: a temporajy structure in the early life-history of 

Acrogens, etc. 
Pro'toplasm, 13: the physical basis of life, or rather, of living 

matter. 
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Prothanium, 54 : a structure in Ferns similar to the pro^mbiyo in 

Stone-worts. 
Putrefa(/tion, 47 : decay of albuminoid matter, produced by the action 

of Fungi 
Rad'ical, 65 : belonging to the root 
Becep'tacle, 68 : the tip of the flower-stalk, sometimes dilated, which 

supports the organs or florets. 
Retic'ulated, 35 : like a net- work. 
Bed snow, 42 : one of the type of Protopby tes. 
Re'gions of vegeta'tion, 82. 

Beproduc'tion, 20 : the multiplication of cells or individuals. 
Eesem^Iances of biK>pla8m, 14. 
Bhizome', 53: an under-ground stem. 
Boots, 59. 

Bosses, 78 : a &mily of flowering plants. 
Bun'ners, 61 : branches of stems which gire off roots from their 

nodes. 
Bust in wheat, 48: a species of fungus. 

Sea-weeds, 46. 

Scales, 62 : undeveloped leaves protecting buds, eta 

Scape, 61 : a flower-stem without leaves. 

Sag^ittate, 65 : arrow-shaped. 

Seeds, 70: the part containing the embryo in flowering plants, 

Sedg^es, 71 : a family of plants similar to rushes. 

Se'pals, 68 : the leaves of the calyx. 

Sieve-tubes, 35 : cells forming tubes by sieve-like perforations through 

adjacent ends. 
Ses'sile, 64, 68 : without footstalk. 
Scalar^orm, 53 : ladder-like, 
Show^ers of blood, 42. 
Shapes of leaves, 65. 
Soul and life, 10. 

Sorus, 54 : the fruit-spot od a fern. 

Spores, 52 : parts analogous to the seeds of flowering plants. 
Spore'-cases, 52 : the vessels oontiuning the spores in Ferns, ete. 
Sporan'g^a, 51 : spore-cases. 
Spe^cies, 25 : a group of individuals which may have descended from 

a single pair. 
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Sponta'neous generaHioii, 21. 

Spi'ral arrangement of leaves, 64. 

Sta'meoB, 67 : the male organs in flowers. 

Stems, 60 : the stalk, or part which heatu the leaves, flowers, and 
fruit 

Starch, 31. 

Stig'ma, 68 : the upper part of the pistiL 

Stip'ule, 64 : leaf-like appendages to the petiole. 

Sto'ma, 36: the opening between the ceils of epidermis for evapora- 
tion, eta 

Stone'worts, 60 : an order of Acrogens. 

Squamose, 61 : scalj as the cone of a pine. 

Stjle, 68: the pillar or filament, supporting the stigma of the pistiL 

Suc'culent, 69 : juicy, fleshy, 

Ter'nate, 65 : an arrangement of three leaflets on a petiole. 

Thallogens, 26: a type of plants. 

The'oriesoflife, 10. 

Transi^tional forms unknown, 80. 

TuO^er, 61 : a-^eshy rounded stem or root, as the potato. 

TuO^erous, 60: containing tubers. 

Tu^nicated, 61 : covered with layers, as the onion. 

Tripin'nate, 65 : bipinnate leaves on each side of a petiole. 

Types, 25, 26 : general plans of structura 

Unicenular, 40 : havhig a smgle celL 
Union of cells, 33. 

XJnor'ganized, 27 : matter which has not lived. 
XJm1)el, 77 : a flower cluster in which the stalks spread from a com- 
mon point 
Umbelliferous, 77: bearing umbels. 

Yari'eties, 25: races or breeds among species. 
Yas'cular, 38: belonging to vessels. 
Yali/ate, 78 : meeting at the edges without overlapping. 
Yes'sels, 35 : tubes or canals among the cells. 

Wa'ter in bioplasm, 14. 
White blood-cells, 13, 20. 
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Whorls, 50 : an arrangement of leayes, or organs, around the stem in 
the same plane. 

Yeast-plant, 47 : a fungus which is the cause of fermentation. 

ZoolA)g7, 7 : science of animal life. 

Zo^ospores, 41 : spores having spontaneous movementa 

Zones of yegetation, 83. 
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